Fastidiosibacter lacustris gen. nov., sp. nov., isolated from a lake water sample, and proposal of Fastidiosibacteraceae fam. nov. within the order Thiotrichales Cysteiniphilum and Fangia (family unassigned) were distinctly separated from the related families Francisellaceae, Piscirickettsiaceae and Thiotrichaeae in the phylogenetic trees. Therefore, we proposed a new family Fastidiosibacteraceae fam. nov. within the order Thiotrichales to accommodate these four genera.
As part of our project to determine the diversity of family Francisellaceae, water samples were collected from several ecological niches during the period of 2010 to 2016. Using our earlier predefined protocol, the samples were concentrated by filtration, pretreated with HCl-KCl buffer solution (pH 2.2) for 5 min [1, 2] , and cultured on LegionellaBCYEa-GVPC [3] and Legionella-BCYEa-GVPC at 35 C under 5 % CO 2 atmosphere. Subculturing and purification were done on Legionella-BCYEa agar medium under similar conditions. One bacterium, designated strain SYSU HZH-2 T , was isolated with a low partial 16S rRNA gene sequence similarities to members of the order Thiotrichales. This strain was isolated from a freshwater sample collected from Haizhu Lake (113. 33 E, 23.07 N), Guangzhou, Guangdong Province, China, in June 2014.
Preparation of genomic DNA and amplification of the 16S rRNA gene were performed as described previously [4] . The amplicon was purified, and cloned using pMD 18-T Vector Cloning Kit (TaKaRa) according to the manufacturer's instructions. Positive clones were selected and sequenced using the Applied Biosystems automatic sequencer (ABI 3730XL). The cloned sequences obtained were assembled using Seqman version 5.0, and vector sequences detected with the VecScreen program of the NCBI (www.ncbi.nlm. nih.gov/tools/vecscreen/). Following manual removal of the vector sequences, comparative sequence analysis was performed on EzBioCloud server [5] and the NCBI nucleotide database via a BLAST search [6] . Phylogenetic dendrograms were generated with Escherichia coli DSM 30083 T (X80725) as the outgroup as described previously [7] .
Comparison of an almost-complete 16S rRNA gene sequence of strain SYSU HZH-2 T (GenBank accession number KX817995) with the curated bacterial sequence database in the EzBioCloud server showed that strain SYSU HZH-2 (Fig. 1 ). The stability of the phylogenetic relationship was further confirmed from the dendrograms generated with neighbour-joining and maximum parsimony methods (Figs S1 and S2, available in the online version of this article).
The morphological features of strain SYSU HZH-2 T were observed by using scanning electron microscopy (JSM-6330F) [8] . Gram staining was carried out by using the Gram Staining Kit for microscopy (Baso). Cell motility was observed under dark field microscope, and spore formation was observed by phase-contrast microscopy after incubation on BCYEa agar medium at 28 C for up to 5 days. Growth characteristics were examined on several media common to clinical laboratories, such as Columbia blood agar (bioM erieux), Haemophilus chocolate 2 agar (bio-M erieux), Haemophilus testing medium (HTM) agar (bio-M erieux), MacConkey agar (bioM erieux), nutrient agar (bioM erieux), Kligler's iron agar (Difco), and also on Legionella-BCYEa agar, and Francisella-CHAB agar (brain heart infusion agar supplemented with 5 % glucose, 0.04 % cysteine and 9 % heated sheep red blood cells). The requirement for L-cysteine was observed by comparing the colonies on Legionella-BCYEa agar and Legionella-BCYEa agar without L-cysteine [9] . Anaerobic and microaerophilic growth was examined by using an automatic anaerobic or aerobic system (Mart). Growth at temperatures (5, 10, 14, 18, 23, 28, 32, 37 and 40 C), pHs (4.0-10.0, at intervals of 1.0 pH unit prepared using different buffer systems [10] ), and NaCl tolerance (up to 10 % w/v, at intervals of 0.5 % unit) were tested in Legionella-BCYEa broth medium. Oxidase activity was determined using oxidase reagent (bio-M erieux). Catalase activity was analysed by assessing the production of bubbles upon addition of a drop of 3 % (v/v) H 2 O 2 . Classical biochemical analyses, such as VogesProskauer and indole production tests, nitrate reduction, aesculin hydrolysis, urease activity and requirement for X and V factors in growth medium, were tested according to the methods described by Aslanzadeh [11] . Utilization of carbon sources was tested using the GEN III MicroPlate (Biolog), and other enzyme activities and biochemical characteristics were determined by using API ZYM and API NH kits (bioM erieux). The antibiotic susceptibility test was performed on HTM agar with E-test strips (Oxoid). The result was interpreted with reference to the MIC breakpoint of Francisella tularensis for the susceptibility criteria as listed in the CLSI M45-A2 guidelines for Potential Bacterial Agents of Bioterrorism (https://clsi.org/standards/products/ microbiology/documents/m45/). b-Lactamase activity was tested using cefinase discs (bioM erieux).
Cells of strain SYSU HZH-2
T were Gram-stain-negative, non-motile and non-spore-forming. They were coccobacilli in shape, measuring 0.4~0.5Â0.6~2.0 µm (Fig. S3) . L-Cysteine was not necessary, but was observed to enhance the growth of the strain on artificial medium. The strain grew well on Legionella-BCYEa agar, CHAB, Haemophilus chocolate 2 agar and HTM agar after incubation for 2 days, weakly on Columbia blood agar, but not on Kligler's iron agar, MacConkey agar or nutrient agar. Growth was observed under both aerobic and microaerophilic conditions, at 18 to 37 C (optimum range, 28-32 C), pH 6 to 10 (optimum pH, 8) and in the presence of up to 2.0 % NaCl (w/v). The strain was positive for b-lactamase and catalase activities but negative for oxidase, urease, Voges-Proskauer, indole production, nitrate reduction, aesculin hydrolysis, and X and V factor requirement tests. Strain SYSU HZH-2 T was resistant to cephalosporin, but sensitive to chloramphenicol, ciprofloxacin, doxycycline, gentamicin, levofloxacin and tetracycline. Differential characteristics of strain SYSU HZH-2 T and the closely related type strains are listed in Table 1 while the detailed characteristics of the strain are given in the species description.
For the chemotaxonomic characterization, cells were harvested from cultures grown on Haemophilus chocolate 2 agar for 48 h at 37 C under 5 % CO 2 atmosphere. Cellular fatty acid methyl ester profiles were determined by gas chromatography (7890B, Agilent) following saponification, methylation, extraction and detection according to the standard protocol of the Microbial Identification System (Sherlock Version 6.2; MIDI database: TSBA6). Fatty acids for related strains including Cysteiniphilum litorale SYSU D3-2 T , Allofrancisella guangzhouensis 08HL01032 T , Allofrancisella frigidaquae SYSU 10HL1970
T , Allofrancisella inopinata SYSU YG23
T , Francisella philomiragia ATCC 25015 T and Francisella hispanensis DSM 22475 T were also performed under the same conditions. Polar lipids were extracted as described by Minnikin et al. [12] and identified by two-dimensional thin-layer chromatography [13] . Respiratory quinones were extracted and purified as described by Collins et al. [14] and analysed by using high-performance liquid chromatography (HPLC) [15] . The G+C content of the genomic DNA was determined by using reversed-phase HPLC [16] with E. coli DH5a as the reference strain.
This strain possessed ubiquinone-8 as the respiratory quinone. The polar lipid profiles consisted of diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, an unidentified aminophospholipid, an unidentified phospholipid and an unidentified polar lipid (Fig. S4) . The major fatty acids (>10 %) of strain SYSU D3-2 T consisted of one branched chain saturated fatty acid, anteiso-C 15 : 0 (36.5 %), and one even chain saturated fatty acid, C 18 : 0 (16.8 %) ( Table 2 ). The G+C content of strain SYSU HZH-2 T was 37.1 mol% (HPLC).
Strain SYSU HZH-2 T shared many common phenotypic traits with Cysteiniphilum litorale SYSU D3-2 T and Fangia hongkongensis UST040201-002 T [17] : Gram negative, aerobic metabolism, catalase activity, lack of flagella and spores, positive b-lactamase activity and negative urease activity (Table 1) . Unlike strain UST040201-002 T , strain SYSU HZH-2 T and Cysteiniphilum litorale SYSU D3-2 T gave negative results for oxidase activity. While the predominant fatty Table 1 . Phenotypic characteristics defining the proposed genus Fastidiosibacter and the genera Cysteiniphilum and Fangia Taxa: 1, Fastidiosibacter, 2, Cysteiniphilum; 3, Fangia; +, Positive; -, negative; (+), weakly positive; ND, not determined. Members of the genera Fastidiosibacter, Cysteiniphilum and Fangia are Gram-stain-negative, non-motile and undergo aerobic metabolism. Sporulation is absent. They showed positive results for catalase and b-lactamase activities, and negative results in nitrate reduction and urease activity tests. Ubiquinone-8 is the respiratory quinone in members of the three genera. The genera Fastidiosibacter and Cysteiniphilum are characterized by the presence of diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and phosphatidylglycerol as major polar lipids. AL, unidentified aminolipid; APL, unidentified aminophospholipid; PL, unidentified aminophospholipid; UL, unidentified polar lipid. acids in strain SYSU HZH-2 T and Cysteiniphilum litorale SYSU D3-2 T comprised both straight-chain and branchedchain saturated fatty acids (anteiso-C 15 : 0 and C 18 : 0 ), straight-chain saturated fatty acids were present in a much lower amount in Fangia hongkongensis UST040201-002 T (Table 2 ). Strain SYSU HZH-2 T had a much lower NaCl tolerance limit as compared to the other two strains. Though strain SYSU HZH-2 T shared major polar lipids with Cysteiniphilum litorale SYSU D3-2 T , the two could be differentiated by the presence of different unidentified polar lipids. While strain SYSU HZH-2 T had an additional unidentified polar lipid which was absent in strain SYSU D3-2
T , the latter had an unidentified aminolipid (Table 1) . Unlike strain SYSU HZH-2 T , Cysteiniphilum litorale SYSU D3-2 T required the presence of L-cysteine in its growth medium. Besides the above differentiating characteristics, these strains shared low 16S rRNA gene sequence similarity, which clearly indicated that strain SYSU HZH-2 T represents a novel species of a novel genus within the order Thiotrichales, for which the name Fastidiosibacter litorale gen. nov., sp. nov is proposed.
Furthermore, the genera Caedibacter, Cysteiniphilum and Fangia have not been provided with any definitive family (family unassigned) within the order Thiotrichales. In trees generated using the ARB program based on the curated sequences in the SILVA database, they formed a separate cluster distinct from other defined families in the order Thiotrichales (Fig. S5) . While the four genera shared many common characteristics with the family Francisellaceae (Table 3) , they could be differentiated from Francisellaceae by their major fatty acid compositions and cell shapes (Tables 2 and 3) . We, therefore, proposed a new family Fastidiosibacteraceae fam. nov. to give a definitive position for the genera Fastidiosibacter, Caedibacter, Cysteiniphilum and Fangia within the order Thiotrichales.
DESCRIPTION OF FASTIDIOSIBACTER GEN. NOV.
Fastidiosibacter (Fas.ti.di.o.si.bac¢ter. L. adj. fastidiosus fastidious; N.L. masc. n. bacter rod; N.L. masc. n. Fastidiosibacter, a fastidious rod). Aerobic, Gram-stain-negative and coccobacillus. Cells are catalase-positive, non-motile and non-spore-forming. Negative for nitrate reduction and urease activity. Does not require X and V factor for growth. The respiratory quinone is ubiquinone-8. Polar lipid profiles consist of diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, an unidentified aminophospholipid, an unidentified phospholipid and an unidentified polar lipid. The major fatty acids (>10 %) are anteiso-C 15 : 0 and C 18 : 0 . The type species of the genus is Fastidiosibacter lacustris.
DESCRIPTION OF FASTIDIOSIBACTER LACUSTRIS SP. NOV.
Fastidiosibacter lacustris (la.cus¢tris. N.L. masc. adj. lacustris pertaining to a lake).
The following characteristics are found for the species in addition to the one listed for genus description: Grows well on Legionella-BCYEa agar, CHAB, Haemophilus chocolate 2 agar and HTM agar, weakly on Columbia blood agar but not on Kligler's iron agar, MacConkey agar or nutrient agar. Growth occurs at 18-37 C (optimum, 28-32 C), pH range of 6 to 10 (optimum, 8) and in the presence of up to 2.0 % NaCl (w/v). Positive for b-lactamase activity, but negative for oxidase, aesculin hydrolysis, Voges-Proskauer and indole production tests. Resistance to cephalosporin, but sensitive to chloramphenicol, ciprofloxacin, doxycycline, gentamicin, levofloxacin and tetracycline. Positive for acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase activities, but negative for a-chymotrypsin, cystine arylamidase, a-fucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, b-glucuronidase, g-glutamyl transferase, lipase (C14), a-mannosidase, ornithine decarboxylase, proline arylamidase, trypsin, valine arylamidase, urease activity and indole production (API ZYM and API NH systems). Acid is produced from D-fructose and D-glucose but not from maltose or sucrose (API NH system).
The type strain, SYSU HZH-2 T (=NBRC 112274 T =CGMCC 1.15950 T ), was isolated from a water sample of Haizhu Lake, located near the estuary of the Pearl River in southern China. The G+C content of the DNA of the type strain is 37.1 mol%. 
